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International Passamaquoddy Tidal Power Project

Briefing of I,P.E,B, Report of October 1959
OPENING STATEMENT

The purpose of this presentation is to desgribe
briefly the investigations conducted and the con=-
clugions feached in the study of tidal power
development in Passamaquoddy Bay in Maine, U.S.A,
and New Brunswick, Canada, during the period 1956=59,
The investigation was performed under the direction
of the International Joint Commission, This briefing
will follow closely the content of the International
Pagsamaqueddy Engineering Board report of October 1959,
The first.tﬁree chaﬁters of the report formally intro-
duce the authorized survey, establish ithe scope of the
investigationsg and present basic data, The next three
chapters present'the.technical design of the tidal
project, designs of auxiliary projects, and development
of costs, The following three chapters cover economic
effects of the projects‘power utilization, and project
evalu,érbion° The final chapter contains the conclusions,



CHAPTER I - INTRODUCTION

In accordance with United States Public Law LO1,
8Lth Congress, 2nd Session, and the Boundary Waters
Treaty of 1909, the Govermments of Canada and the
United States on August 2, 1956 directed the Inter=
national Joint Commission to investigate the engineering
and economic feasibility of harnessing the tides of
Pagssamaquoddy and Cobscook Bays in New Brunswick and
Maine to produce hydroele@tric power, The investi-
gation, completed in Octeober 1959, established the type
and cost of the most economical preject to generate
electricity from the tides, and determined the cost of
power from the nost sconomical alternative source as a
measure of economic feasibility,

To carry out the imvestigation of the tidal power
project and its effect on the economies of the United
States and Canada, including the fisheries of the area,
the Commission established two separate boards, the
International Paésamaquoddy Engineering Board and the |
International Passamaquoddy Fisheries Board, Composed
of two representatives'ea@h from Canada and the United
States, the Boards were directed to ¢oordinate their
studies and to submit separate repcrits to the Commission,

The Engineering Board, in turn, established an Engineering



Commitiee to superviée the detailed investigations,
These investigations were carried out primarily by
the U,S, Army Engineer Division, New England, Gorpé of
Engineers, and the Regional Office of the United States
Federal Power Commission, New York, Canadisn aspecis
of the survey were conducted by the Department of
Public Works, the Department of Northern Affairs and
National Resources, and other agencies of the Federal
and Provincial Governments of Canada,

| Advice and assistance were obtained from several
federal, provincial, and state agencies and from many
private concerns and individuals in both Canada and
the United States,

This briefing is based on the engineering report
of the investigation and does not cover any of the
activities of the Fisheries Board, However, the
monetary damages and benefits determined by the
Fisheries Board were considered in the engineering
report,

POWER FROM THE TIDES

Tidal hydroelecfrie_f: power s 1ike river hydre power,
can be preduced by a flow of water from a higher to a
lower level through hydraulic turbines, A single pool
equipped with gates may be built to trap water at high
tide and discharge through turbines to the ocean at low

(S1lide 1=3:
Single pool
plans}



tide, or the pool may be emptied at low tide to receive
turbine discharge from the ocean at high tide, Two
separate pools equipped with £illing and emptying gates
may be used, one pool filled at high tide and the other
emptied at low tide, yith the high pool discharging
through the turbines into the low pool,

A single high pool has the serious disadvantage
of producing discontinuous power, because no power
can be generated without a sufficient difference
between the lavel of the pool and the level of the
ccean, Thus no generation is possibie until the ocean
has receded sufficiently to obtain this difference im
water levels, or power head;s ror is generation possible
on the rising tide after the level of the ocean becomes
teo high to provide this minimum necessary head, For
similar reasons, a .single low pool alsec produces
interrupted power, This disadvantage is avoided in
the two-pool plan, the plan adopted for the project

described in the engineering repart, which generates

varying but continuous amounts of powero This cofi- (Slide L=10=z
' Typical twoe
tinuous power is achieved in the two=pool plan by pool. tidal
plant
varying the operation of the turbines so that the operation)

level of one pool is always sufficiently higher than
the other,

The advantages of a tidal power plamt are that
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the tides, which can be predicted with accuracy for many
years in the future, can produce power unaffected by
droughts, floods, ice jams, or silting = adverse
factors which decrease the output and limit the life of
river hydroelectric plants, An inherent disadvantage of
the tides as a source of power is that the tides,
following the gravitational pull of the moon as it
passes qverhegd every 2l hours and 50 minutes, are out
of phase with the 2l-hour solar day, This SO-minute
daily lag is fﬁndamentél to the economics of tidal power,
Since power outpubt varies with the tides, tidal power is
completely out of step with the normal patterhs of daily
use of electricity, Therefore, unless the tidal power
plant is supplemented by an auxiliary power piantg such
varying power would be of little value,

Tidal ranges, the height between high and lew
tides, determines the available head and thus governs
the amount of power generated, Ocean tides are caused
by the changing relationship'of.the sun, earth, and
moon with respect to each other, The tidal range, which

is affected primarily by the phases of the moon, alse

varies from day to day, As shown in the simplified (8lide 1-=2:
Phases of the
illustration, the sun and moon appear on the same side Moon and

Tidal Cycle)
of the earth approximately every four weeks, at the

time of new moon, Two weeks later, at the time of full
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moon, the sun and moon appear on opposite sides of the
earth, When either of these conditions eccurs,
gravitational attraction of the sun and moon reinforce
each other and cause maximum or spring tides, When
the moon is at either quarter phase, the gravitational
attraction of the sun and moon are approximately at
right angles from the earth, causing minimum or neap
tides, |

A tidal power project requires a location where the
tides are high, where one or two pools can be isolated
from the ogean at a reasonable cost, and where suitable
sites exist for the pewerhouse, gates, and other
necessary works, Passamaquoddy Bay meets these
requirements very well,

PREVIOUS INVESTIGATIONS

Before the present survey, the two princiﬁal
investigations of the Passamaquoddy site were those
made by Dexter P, Cooper from 1919 to 1933, and by
the U,5, Army Corps of Engineers in 1935=37,

The Corps of Engineers project of 1935-37 was a
single=pool development located ‘entiraly in the United
States, At that time, a comprehensive program of field
exploration and laboratory testing was started and partly
completed, and many design studies were made before the -

project was stopped, Most of the data and analyses were

preserved amxl proved of great value to the current survey.

6
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CHAPTER ITI « COMPARISCN AND
SELECTION OF PROJECT PLANS

TIDAL PROJECT

There are many ways in which one or two pools
can be isolated from the ocean at the Passamaquoddy
site, Any of the previously described methods of
operating a tidal preject could be used, I will discuss

the studies leading to selection of the plan shown on

the wall map as the arrangement best suited to the (Wall Displays
Selected Plan,

Quoddy site and regionm, ' General Arrange-
ment)

Preliminary studies showed that project cest
increases rapidly with the generating capacibty of the
powerhouse, Thus, least costly tidal power requires
that each kilowatt of capacity generate as much energy
ag possible, The one=pecl Quoeddy project started in
1935 was not promising in this respect sinse it would
generate energy at an average of about 25 percent
capacity, A two=pool project would generate energy at
mora than twice this rate,
One=-pool and two=pool projects were compared further
by computing the annual energy which the various types
of projects could generate at the Passamaquoddy site, {8lide 2«l:
: Annual Energy,
The results of these studies are summarigzed in this Single and Two-
Pool Projects)
slide, The vertical scale on the graph is annual

energy in milljons of kw,<hr,; the herizontal scale is



the number of generating units, The curves show that a
two=pool project with about 30 units has the advantage
of generating as much energy as the best one=pool
project with 50 units, Two-pool power with lower peak
output could be used te¢ better advantage in the power _
market area and could be transmitted at lewer cost,
Still another advantage of the two-peol project, and
a very important one, is that generation, being con-~
tinuous, would provide scme dependable capacity, The
one=pool project does net yleld continuous power and,
therefore, has no dependable capacity, On the basis of
these considerations, one-pool projects were eliminated
from further study,
Maﬁy different twopool arrangements were studied
to determine which would be mﬁst satisfactory, 4n
important tool in these studies are the curves shown (Slide 2-2:
' ' Armual Energy,
on the next siide, The wertical scale on the graph Two=pocl projects)
is in millions of kw,-hr, per generating unit per
years the horizontal scale is the pool area in square
miles per generating unit, The curves permitted a quick
estimate of annual eﬁergyg once the area of the pools
was determined and the number of turbines selected for
a tidal power project at the Passamaqueddy site, The
separate curﬁes on the graph show that more tidal energy
would be generated as the two pools become more nedrly
equal in size,



The many two-pool arrangements examined vary in
the location of dams, in the use of either bay as the
high pool, in the location and size of the powerhousés
and in the 1oca£ion and number of filling and emptying
gates, A preliminary estimate of cost and power outputb
was made for each plan, The ratioc of project cost to
annual energy output was used as an index in selecting
the more favorable layouts, We called this ratio the
Scomparative index,® The Lower the index the mare |
favoféble the arrangement, |

The two=-pool arrangement that was selected for

_ . (Wall Displays
designs and estimates is shown on this wall display, Selected Plan,
General

A dam in Western Passage and a series of dams from Arfanggmgnt)
the north end of Deer island to the Canadian main-
land would clese Paésamaquoddy Baj from the ocean to
form a high pool with an area of 101 sq, mi, This pool
would be filled during high tides through W0 gates in
Letite Passage and 50 gates on Deer Island Point,
Dividing the flow to the upper pool between the two
passages reduces bcfh the construction cest and
hydraulic losses“§n the cha:nneis°

The low‘poéi_wi,th 11 sq, mi, would include
GdbscodkuBay and would extend to dams in Quoddy
Roads and in Head Harbour Passage, Seventy gates for
emptying the low pool would be 1bcated between Pope and

Green Islets,



A powerhouse with a rated capacity of 300,000 kw,
would be located between the two pools in a channel
excavated through Moose Island at Carryingplace Cove,
The arrows show the direction of flow through the
filling gates, powerhouéé, and emptying gates,

Two navigation iocks fér vessels moderately
larger than those in current traffic would be provided,
one in Head Harbour Passage and one in Western Passage,
Two smaller locks, one at'Quoddy Roads and one at
Little Letite Passage, vwould accommodate fishing
vessels,

AUXILIARY PROJECTS

The amotint of energy available from the selected
two=peool tidal preject would vary with the ebb and floed
of the tide, The time of occurrence of minimumland
méximum output would var& periodically with the lunar
day which is 50 minutes longer than the sclar day, As
the normal pattern of power demand follows the solar day,
the maxiﬁnm power demand may occur at the minimum or any
stage_of.pdwef éuﬁput.3 |

The'6ﬂtﬁnt.éf_the'tiddl.blént alone for three
consecutive weeks;;comﬁared‘with'é typical load curve

of the combined uhility loads in Maine and New Brunswick,
: . B T . (8lide 2=«5:

expected in abéutll9?59 is éhown on the next slide, . Output and
Load Pattern,
The load factor of this lead curve is 60 percent, Tidal plant
: alene)

i,e,, the ratio of averdge output to peak demand,
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For load«carrying purposes, the dependable capacity
of the tidal project is limited to the capacity available
under the most adverse conditions, All output in excess
of this capacity would have value only as non-firm or
secondary enta'rg‘:s'ro This excess generation is congiderable
and to mike it dependable for serving 't.he predicted load
demands, it must be firmed up by the use of an awxiliary
source of power, Three different types of auxiliary
power sources were studied during this survey,

One method of firming the tiddl plant output
would be to store a portion of the tidal plant energy
by pumping water to a storage reservoir during times
of high tidal plant output, The stored water would then
be used to generate power when the tidel plant output
is low, By alternately pumping and generating, the
pumped=-gtorage awd.liary would regulafe the tidal
plant output to meet fhe varying load demand, The
pumped-storage operation would actually result in a

decrease in total energy because of pumping and

regeneration losses, This type of operation is (slide 2-6:

_ . B ' Output and locad

illustrated on the next slide which shows three pattern, tidal
plant with

typical weeks of tidal plant output modified by a pumped=-storage)

pumpedast'orage_pléht to fit a predicted load pattei'n,
The most favorable pwnped»sﬁorage auxiliary projéct is
the Digdeguash project on the Digdeguash River in New

Brunswick, at the north end of Passamaquoddy Bay,
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Another method of firming the tidal plant output
would be to add energy to the tidal plant oﬁtput from
an auxiliary power source such as a hydroelectric plant
so that the combined tidal plant and auxiliary emrgj
would form a pattern similar to the system load, This
type of operation was assumed far analysis of auxiliary

river hydro developments and is shown for three typical (Slide 2-7:
‘ Output and load

weeks of operation on the next slide, ' This plan is pattern, tidal
' _ » plant with
based on using the proposed Rankin Rapids development auxiliary power)

on the upper Saint John River as the auxiliary, The
tidal plant outputs are plotted on the bottom of the
system load, i,e,, are "base loaded," The cross=hatched
area above the base load represents the energy from the
auxiliary, The remainder of the system load would be
supplied by the remainder of the system generating
capacity,

The third type of auxiliary plant considered for
firming the tidal plant output would be a conventional
steam=-electric plant, Preliminary ana:_Lyses inéiicated
that this type of auxiliary was less favorablel than
others considered,

Study of all available data led to the conclusion
that the Rankln Rapids project on the Upper Saint John
River in Maine would provide the largest power and

storage potential with the lowest at-site cost of any
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single project or combination of river hydro projects
considered feasible for developrment, The site is located
on the Saint John River about 175 miles northwest of

the site of the proposed tidel power project, The site
wag considered for development by the New England-New York
Inter=Agency Committee and is discussed in the interim
report on "Water Resources of the Saint John River Basin®
submitted to the International Joint Commission on |
April 6, 1953, The level of development and project
layout, however, was changed in the course of the

current study,

The development of the Rankin Rapids site has
received some‘opposition from.people interested in
preserving the fishing and white~water canceing on the
Allagash River which would be flooded by the Rankin
Rapids reservoir, Because of this opposition, an
alternate development was considered consisting of a
high-head dam at Big Rapids, located on the Saint John
River upstream from the mouth of the Allagash River,
and a low=head project at the Lincoln Schocl site
located a short distance downstream from Rankin Rapids,
However, the Rakin Rapids project would have a
greater dependable capacity and would produce more
power than the alternate éombination of the Big Rapids-

Lincoln School projects,



As a possible alternative method of firming the
tidal project output, it was éssumed that the Rankin
Rapids project could be constructed with an initial
installation of about 200,000 kilowatts to generate the
energy available at the site for use in the utility
markets of Maine, Addit;‘i_onal capacity could be added
to f£irm the wvarying tidal projesct output, Energy to
support this ineremental capacity would be borrowed
from the basic Rankin Rapids project when the tidal
power output is deficient (neap tide), and paid back when
there is a surplus of tidal energy (spring tide), The
ammual generation of the 'lﬁ.da'L plant and incremental
capacity at Rankin Rapids would be the same as for the
tidal project alone, With 260,000 kilowatts of
ineremental firming capacity of Rankin Rapids, the
conbined dependable capacity would be 355,000 kilowatts
at about 60% load factor,

COMBINATIONS FOR ECONOMIC ANALYSIS

On the basis of the foregoing, the following fouf
plans of power development were selected for evaluation -
of costs and benefits:

(1) Tidal project alone,

{2} Tidal project and all of Rankin Rapids as the

auxiliary power source,



(3) Tidal project and incremental capacity only
at Rankin Rapids as the auxiliary.

(4) Tidal project and 'the Digdeguash pumped=-storage
project as the auxiliary, "
It was assumed for this study that the United
States and Canada would share equelly both the costs and

benefits of the four combinations.
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CHAPTER IIiI - SITE CONDITIONS

I will now describe the site conditiqnss including
previous studies, current field investigations,
foundation conditions, and availability of construction
materials,

TIDAL FROJECT

Much of the basic data compiled by existing
agencies in the United States and Canada was used
in the survey, In addition, data developed by
Dexter P, Cooper in the 1920's, and by the U,S, Army
Corps of Engiﬁeers in 1935=37, were used where applicable,
Before the project was stopped, the Corps built two small
dams between Pleasant Point and Moose Island which are
in use for Maine State Highway No, 190, and which would
form a part of the project as presently proposed,

A field office andra geils lahoratory were
established in Eastport, Maine, The topographic and
hydrographic surveys, tidal observat:‘i.oné s subsurface
explorations, and laboratory testing were supervised
from that field office, The largest single phase of
the field investigations was the deep=water drilling,
costing about $500,000, Depths up to 300 £t,, velocities
up to 10 £4, per sec,, and tides up to 26 ft, were

encountered, A specially rigged9 2li0=ft, drilling

16



barge was towed from Houston, Texas, to drill the 15
deep=wate? holes,

Tidal project power is directly related to tide
range., The mean tide range at Eastport is 18,1 ft,,
the maximum, 25,7 £t,, and the minimumg 11,3 £t, Of
great importance dui-ing construction is the tidal
current velocity which now runs up to 10 £%, per sec,
in some locations, Most of the project areas are -
protected from waves, The exposed parts c‘ouldl receive

waves up to 12 feet high,

At the tidal project, bedrock is exposed or (Wall Display:
| Selected Plan,
occurs at shallow depths in locations selected for General
Arvengement)

all major concrete structures and in some of the tidel
dam losations, All structures, except the dams, would
be founded directly on sound be&roek. Overburden covers
most of the ogean floor in the project area, The
thiclmess and physical characteristics of this
overburden ‘depend on- several factors, including the
amount and type of material deposited during glaciation,
post=glacial erosion of the land mass, and effect of
tidal currents, Marine c¢lay occurs in some of the tidal
dam foundation areas and in the powerhouse headrace in
Carryingplace Cove, Ab_out 17 miilion ecu, yd, of clay
mast be excavated, Construection materials available

from excavation for project structures, and from borrow

17



areas nearby, would bs adequate for constructing the
tidal dams, Suitable concrete aggregates can be
produced from local bedrock oubterops,
AUXILIARY PROJECTS

At the Rankin Rapids river hydro site on the upper (Wall Display:

Regional Map)

Saint John River the bedrock valley walls of indurated
shale are generally covered by dense glacial till,
with a terrace of stratified sand and gravel just above
stream level on the lefi bank, The preglacisl bhedrock
valley extends about 80 ft, below present stream level
and contains a deep deposit of glaéial silt, The site
is adequate for construction of an earth dam, Suitable
construction materials‘occur in the immediate vicinity,
Local materials are not suited for producing high-
quality concrete aggregates, The nearest known source
of sound aggregates is at Deboulie Mountain about 16
miles south of the project site,

The Digdeguash pumped=storage site is in an area
of sound bedrock partly covered by dense glacial till,
Either a concrete or rock fill dam could be constructed

with locally available materials,
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CHAPTER IV = TIDAL PROJECT DESIGN

There are several importantrcomponents of the
selected tidal power project, I will describe briefly
the major features of the dams, cofferdams, powerhouse, (Wall Display:
Selected plan,
filling and emptying gates, navigation locks, general
arrangement )
relocations, and the power plant output and capacity,
DAMS AND COFFERDAMS
The selected plan of development includes 35,700
lin, £t, of tidal dams with a gross volume of 53
million cu, yd, Half the length of the dams lies above
el, =25, and only 8 percent extends below el, =125,
m,8,1, to a maximumm depth of 300 feet,
Foundation conditions vary considerably in the
project area; the selected layout shown on the wall
map places the dams on the best foundations possible,
Even sq, some of the dams are located where clay occurs
in the foundations making it.necessary to use a wider
gection than would be needed on the stronger granular or
rock foundationéo Careful study was made to make best
use of the large amount of material excavated for
structure foundations and channels, particularly the
clay removed from Carryingplace Cove,

The influence of construction methods on design

of tidal dams is largely in cost and seepage control,

19



Large quantities of materials must be transported and
placed at minimum practicable cost consistent with
securing a safe and adequate dam, Three methods of
placing materials are suited for the conditions of the
Quoddy sife, Land-based operations, using end«dump
trucks working outward from the shore, and marine
construction, using bottom—dump scows, are satisfactory
whers control of placement or where loss of fines is not
critical, Bottom~dump buckets, lowered through the
water, would be used where necessary to prevent
excessive loss of fines,

Hydraulic model tests were performed to invéstigate
methods of underwater construction and closure of the
tidal dams, These tests were conducted under the
direction of Dr, Lorenz G, Straub at the St, Anthony
Falls Hydraulic Laboratory of the University of Minnesota,

The hydravlic model tests were conductéd at a
scale of 1 to 100 in flumes with separafe water sources
and movable weirs at each end, Motorized devices
operated the weirs continuously so that water surfaces
would represent the conditions at the dams and simulate
the ebb and flow of the tides across the partly built
dams, o

It was quickly determined that the rockfills,

including closure of the crest in and above tide raﬁge,

20



could be built with quarry-run gtones with a maximum
size of about 1 cu, yd, This is a substantlal reduction
from ~ﬂae"maximum gize stone planned in the 1935«37
design, This reduction is due largely to the benefit
of uping the £filling and emptying gates to _pasé flows
during closure of the dams,

Small-scale model tésts are not suiteble for
investigation of underwater embankment construction
with cohesive materials, Therefore, Dr, Straub’s model
test program did not includs use of clay in the dams,
Only granular materials were used in the model embankments
to reduce and .con'brol leakage, These tests showed the
necessity for 'Ehe bucket=type placement of granular
materials to prevent excessive loss of the finer sizes
of particles in deep water,

The fundamental type of structure most appropriate
for the tidsal dams is a rockfill embankment, 'i'his
type was selected because rock is the easiest material
to place under water and because large amounts of rock
would be excavated during project construction,
Furthermore9 additional rock may be obtained readily,
if needed, Impervious materials to prevent or control
leakage throﬁgh the dams may be placed in a centxal. core
or as a blanket on one side of the rockfill, The.

central core was adopted as better suited for the
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tidal dams, particularly for the deeper passages and for
locations where clay occurs in the foundation,

The selected design, with clay core above el, -125,
is shown in the center of this slide as applicable in
Head Harbour Passage, east of the emptying gates, The
dark shading indicates gravel and sand which would be
placed by bucket below el, =125 and above el, =25, and
dumped from scows between these selevations, The outer,
lightly shaded areas indicate rockfill, PFPlacing the
materials in reversing tidal currents would blend'them
as indicated by the interweaving of successive layers,
The widened base below el, =150 ig necessary to spread
the embankment load over the foundation in which-elay
occurs, This basgic section was applied elsewhere with
modifications to adapt it to local conditions, The
total leakage has been estimated at 500 ¢.f.s, for this
design, This amount is so small that power production
is not affected,

Cofferdams in water more than 60 feet deep would
be embankments similar to the permanent dams, The
hydraulic heads on the cofferdams would varf up to 75
feet, exceeding that on the tidal dams, Lesser coffer-
danms would be principally steel sheet pile cells,
POWERHOUSE AND SWITCHYARD

The powerhouse design is based on using 30 turbines
of 320=inch diameter,=-the largest size that can be

22
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Tidal Dams,
Selected Design)



conveniently ménufactured and transported, A speed of
LWo r,p.m, was selected as a compromise between better
turbine efficiency at a lower speed, and lower generator
cost at a higher speed, It was found that using elither
a fixed«blade or a Kaplan (adjustable-blade) turbine would
result in about the same cost for tidal power, A
fixed=blade turbine was selected because of the lower
maintenance costs of the simpler mechanism, The average
head on the turbines would be only 11 ft,
The direct-comnected generators rated at 10,000
kw,, were selected to provide the least costly tidal
power, The rating is véry low considering the fact
that the turbines are as large as can be built, The
generators could be operated continuously at 15 percent
overload at an elevated, but.permiésablea temperature,
Stone & Webster Engineering Corporation of
Boston, Mass.; was engaged to design the powerhouss
around the turbines and generatﬁrs I have just |
described, The powerhouse would be the outdoor=type,
with a total length of 2,580 feet, Office buildings
and erection bays would be constructed at esdch end
of the powerhouse,
The gize of water passages established the main
(slide L=7:
floor levels of the powerhouse, the lowest being at Powerhouse

Typical
el, 12 as shown on the next slide, The next deck, at Section)
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el, 27, was made the roof deck, since it would be well
above maximum tide level of el, 13,9, Each unit would
be 78 £, wide and 176 £t, long,

The generators would project above the roof deck,
encloged in weathertight housings of steel, The main
power transformers would be loéated on the intake side
of the roéf deck with the power and control cable and
electrical equipment galleries located directly beneath,
The gallery space on the downstream side of the main
units would be used \i'or mechanical equipment énd piping,

Iwo large gantry cranes, would operate a.long_ the
full length of the powerhouse and erection ba;;rs., Each
crane would have large rolling doors to enclose the area
under the crane for servicing the generating units during
bad weather,

Prevention of corrosion of metals is particularly
important at the tidal power plant because the turbines
and other expensive‘ metal equipment would be contimually
immersed in sea water, The most suitable corrosion
resistant metal is a stainless steel containing nickel,
chromium, and molybdenum, which would be used for important
turbine parts that cannot be protected by other methods,
Less expensive methods would be used for other metal parts,

The voltage of the generators would be stepped up

for transmission by L main transformers, Two transformers
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would have high voltages of 230 kv, for the distribution
system in the United States, The other two transformers
would have high voltages of 138 kv, for the distribution
system in Canada, The switchyard, located at the north
end of the powerhouse, would have two outgoing lines at
each voltage,

FILLING AND EMPTYING GATES

The upper pool would be filled at high tide through
L0 £illing gates in Letite Passage and 50 filling gates
at the south end of Deer Island, The lower pool would
be emptied at low tide through 70 empiying gates in Head
Harbour Pagsage,

The filling and emptying gates of a tidal power
project must meet operating requirements not usually
demanded of hydraulic gates of conventional hydrow
electric projects, The tidal project gates must be
capable of passing, with minimum loss, an unusually
large volume of water at low head, The gates must be
rugged, reliable, easily repaired, and capable of being
opened or closed with a minimum amount of power, All
of the gates must be operated twice during each tidal
gycle, The 160 gates would move nmearly a guarter of a
million times every year, |

The problem of tidal gates was studied thoroughly

to determine the type of gate which would result in the
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least costly tidél power without reducing the reliability

of the power, A particular problem is the wind=driven

spray which could freeze on exposed slots, hoists, cables

and sheaves, The extensive studies showed that vertical

1ift gates in submerged passages, as shown on the next (Slide L-9:
Filling Gate)

slide would be least costly and would provide relisble

operation and ready means for inspecting, maintaining,

and replacing the gates, The filling gates wo\ild be 30

ft, square with the sills at el, =hO, Emptying gates of

the same size would be set 13 fi. lower, but otherwise

would be similar to the filling gates,

The gate struetures and pgates were desiéned for
the water levels, heads, and maximum wave heights that
could occur during construction and operation of the
- project, The designs of gates and operating equipment
are adequate to function during any stage of tide and
pool levels, The venturi tubes are designed for all flow
or pressure conditions that may occur when a gate remains
open with flow in either diraction,

Since a large number of gates must be opened and
closed frequently and within a short time, it is
important to minimize the power required to operate
the gates, Each gate would be counterweighted and
operated by an individual hoist powered by a 1% hp,

electric gearmotor, Movement of the gates would be
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atarted in sequence in a l-minute pericd and would
open or close in about 5 minutes, |
NAVIGATION LOCKS

Existing and prospective future marine traffic in
the tidal project area were studied to establiéh require=

ments for naﬁgation locks, The largest vessels using

Cobscoock Bay in 195L~68 were three oil tankers that (Wall Display:
_ ‘Selected Plan,
regularly serve tank farms at Garnet Point, The General
Arrangement)

largest of these is 300 ft, by 43,2 £t, with a draft
of 16 £4, Traffic through Quoddy Roads normally.
consists of fishing vessels, the largest being 8k f£t.
by 19 £t, with a draft of 10 £4, The largest composite
dimensions of vessels recorded in Passamaquoddy Bay in
195k were 329 ft, by 50 £1, with a 19-foot draft, The
traffic through Letite Passage consists mainly of smaller
fishing vessels with dimensions not usually exbeqding_
62,5 £t, by 16 £, and 7,7=-foot draft,

It is plamned that navigation access to the tidal

project pools would be maintained during and after
(Wall Display:

construction of the pro;jeét,,' Locks in Head Harbour Selected Plan,
General
Passage and in Western Passage would have c¢lear Arrangement)

dimensions of L15 ft, by 60 ft,, with a 21=foot depth
at mean low water, Thus, vessels moderately larger
than those now using the area could enter the pool
areas, ‘Locks in Little Letite Passage and in Quoddy
Roads would be 95 £+, by 26 fi, with a depth of 12 ft,
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A possible future lock of large size could be constructed
in Little Letite Passage if justified by the need for larger
vessels o enter Pasgsamaquoddy Bay,

The walls of the lock chambers would be reinforced
concrete of semi-gravity type of design, Lock gates
would be the double-~leaf sector type, selected primarily
for ability to function under reversing head conditions,
These sector gates would be used for filling and emptying
the locks, except that short by-pass-culverts would be
‘used for the initlal stage of f£illing when the head
exceeds 12 ft, Single=leaf bascule type bridges would
be constructed across the locks for access to all
parts of the tidal'project,, These bridges would have
sufficient underclearance to pemi'&'p passage of small
vessels without opening the draw bridge, '

OTHER FEATURES

The Intemational Pagsamaquoddy Fisheries Board
requested that fishways be provided in the tidal project
for the passage of anadromous fish, In accordance with
this request, two fishways were included in the project
plan, one at the emptying gates and the other at the
powerhouse,

Relcecation of all existing public and private
facilities that would interfere with the construction

and operation of the tidal project were included in

28



the project cost estimate, The facilities would be
relocated as necessary to provide the same service as
befors the project was constructed, without loss to the
owner,

The largest single relocation arises from the need
for cutting through the narrow neck of Moose Island for
the powerhouse headrace, A new bridge would be conr=
structed across the headrace to carry Maine State Highway
190, cne track of the Maine Central Rallroad, the water
supply line to Bastport, and various power and communlcation
lines,

The total land required for the tidal project is
but a very small fraction of the total pool aréa which,
in a conventional reservoir project, often constitutes
a large part of the project cust,

Abvout 365 acres of land would be required for the
tidal project in the United States, and 1,5L0 acres inm
Canada, |

In the high pool, the average change in pool
level would ba about l ft,, instead of the present
average tide range of 18,1 ft,; the average level would
be about el, 6,3, instead of the present mid-tide el, O,
In the low pool, the average change in pool level would
be about 7 ft.; the average level would be about el, =5.0,

The shore installations im beth the upper and lower pools
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were surveyed to determine the damages resulting from
these changes in tidal levels, The costs of damages
were .included in the project estimate,

The tidel project construction schedule is based
on a H=year program, About 2 years are needed before
major work can be started to allow for design, purchase
of major equipment and award of initial contracts for
construction, Because material excavated for structures
would be used to build the dams and cofferdams, all
excavation must be carefully coordinated with the
fili 'oﬁerarl;ionso

Construction of the project within a 6=year period
would require working throughout the entire year, even
though dense fogs and storms would, at times, hinder
water transportation, and extremely cold weather would
delay placing of concrete,

The overall project can be separated into con-
struction contracts of reasonable size and duration to
asgure competitive bidding and to avoid the problems
of large price level changes over extended periods of
time,

The poygrhouse would take the longest time to
construct and complete the installation of turbines,
generators and other squipment necessary for plant

operation,
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Congtruction of the filling and emptying gate
structures, and completion of the navigation locks,
would be scheduled prior to closure of the tidal dams,
This schedule would permit use of gates for passing
tidal flows during the closure operation and provide for
continuity of navigation in the project area,

POWER FROM THE TIDAL PROJECT

The amount of electricity that the tidal projeet
could generate was computed, teking into account many
factors not specifically evaluated in the power studies
for conventional hyﬁroelectric projects, This close
analysis was necessary because the influence of many
factors was unknown and had to be determined bafore the
power benefits of the preoject could be evaluated,

The ebb and flood of the tides cause the head on
the turbines to change rapidly, Therefore, tidal -
power must be computed for successive short time
intervals to be reasonsbly accurate, The net head on
the turbines would vary with an average tide from about
5.5 £t, to 16,5 £, in 12, hr, In addition, in each
lunar month, or 29% solar days, the tide would change
twice from spring to neap and back %o spring again,
These conditions make computation of tidal power am
exceedingly time-consuming process if donre by conventional

manual methods, For this reason, and because the problem
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was highly repetitive, the computation was programmed for
a highe=speed electx;onic digital computer,

The program for the computer was made flexible,
so that pool areas, filling and emptying gate
characteristics, turbine and generator efficiencies,
and turbine discharge could be changed easily, The
results of the compubations proved to be a powerful
tool in selecting the type of turbine, including the
blade setting for the selected fixed-blade propellor
type, the rating of the generator, and the type and
number of filling and emptying gates, By using
varying pool areas, the camputer furnished information
that was invaluable in selecting the best tidal project
arrangement, Aftar the details of the turbines, generators,
gates, chamels, and pool areas were established, tidal
power was computed for a period of 1 year, The indicated
energy was 1,898 million kw.=hr, a year, This value was
adjusted for factors not programmed into the computer,
including slope of water surface in the low 'pool‘9 leakage
through the dams, fresh water inflow, fishways, project
uge of energy, and scheduled outages, After adjustmenmts
for items not included in the computer program, the net
average annual generation of the tidal project is 138113
million kw,=hr,

The installed nameplate capacity at the tidal power

plant would be 300,000 kw, The generators could be
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operated continmuously at 15 percent overload at an
increased but acceptable temperature, On this

basis the plant could generate 315,000 kw, However,
this high level of generation can be reached only
during high tides, and then only during part of the
tide eycle, unlike a conventional thermal power plant
which can generate its rated capacity or more at any
time, The dependable capacity of the tidal plant,
therefore, is considerablj less than the nameplate
rating,

A steamplant can be assumed dependable 98 percent
of the time, On a similar basis, a tide range (high
tide level minus low tide level) was determined which
was exceeded by 98 percent of the tide ranges, This
amounted to a 13,2-foot range, The catinuous power -
which the tidal power plant could génerate through this
tide range was then computed as a reasonable estimate
of dependablé capacity; This was 95,000 kw,

In the sense that the tides have not varied widely
from their normal r‘angés of neaps and springs, the
tidal plant outpubt would be more reliable than a
conventional hydroelectric development that may be
suﬁjected to prolohged periods of drought, Equipment
failure and variation of the actual tide from the
predicted tide would be the only elements, other than

human failure, that would cause the output to vary,
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Unscheduled shutdowns due to failure of equipment
would not be excessive because standard type structures
and equipment were used in the design, The number of
filling and emptying gates and turbines is large
enough so that a failure of any one unit would not cause
a large reduction in tidal plant output, One filling gate
stuck in the open or closed position would reduce average
power output by aboult 3 ﬁercent and 1 percent, respectively,
One inoperative generating unit would reduce output by
about 1,4 percent,

Since the power output varies closely with the
tide range, the accuracy with which the tides can be
predicted is a direct measure of the predictability of
power output, The predicted tide ranges used in this
analysis are taken from the tide tables published by
the United States Coast and Geodetic Survey, primarily
for use by naﬂgators, Closer predictions could undoubtedly
be made, Power and energy predictions would thus be

more accurate than determined from past records,
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GHAPER V < AUXILIARY POWER PROJECT DESIGNS

The four plans of power development selected for

economic analysis include the Rankin Rapids river hydro (Wall Display:
‘ Regional Map)

project and the Digdeguash pumped-storage project as
auxiliary power sources, In order to make cost estimates
of the auxiliary power plants comparable in accuracy
to the cost estimate made for the tidal project,
preliminary designs were made for these two projects,
RANKIN RAPIDS PROJECT

The Rankin Rapids auxiliary power project would
be a conventional river hydro development, An earth
embankment wag found to be the least expensive dam that
could be built.from materials available at the Rankin
Rapids site, The Saint John River would be divertpd
through two 2lfoot-diameter tunnels in the right
abutment prior to placement of the earth embankment
across the river, The tumnels would be converted to
low=level outlets by installing valves when the tunnels
are no longer needed for stream diversion, The danm
would be designed with top at el, 875 tc provide 15
feet of free board above the maximum operating pool

level at el, 860, The reservoir would provide 2,8

million acre=feet of active storage, The project (S1lide S=1:
’ Rankin Rapids
layout is shown on this slide, plan & section)
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The powerhouse would be constructed in a deep
excavation in the rock of the right abutment aboub
1,000 £t, from the toe of the dam, It would be about
58l £, long with eight main-unit bays, Welded steel
penstocks, 16 ft, in diameter, would convey wa'bef from
the intake structure to the powerhouse, A chute spiliway
in the left abutment would consist of a concrete crest
structure with gates, a concrete=lined chute and a
stilling basin,

Access to the project would be gained over Maine
State Highway 161, and by rail spur, constructed as
part of the project, from the present railhead at
St, Francis, Mains,

The power generating facilities would have a
capability of h60,000 kw, at full turbins géte
opening at a minimum net head of 269 f£t, Eight main
generating units would be provided, each rated at
50,000 kw, to correspond with the turbine output at
best gate and average net head of 28L £+, The turbine
speed would be 163,56 r.p.m, The generabors sould be
operated continuously at 115 percent of nominal rating
with an increased but acceptable temperature rise,
Average annual energy would amount to 1,220 million
kw,=hr, Dependable capacity of the tidal plant-Rankin
Rapids combination would be 555,000 kw, at 60 percent
load factor,

36



Four 120,000 kv,=a,; 3mphas§ transformers would be
located on the deck of the powerhouse over the draft
tube, The transformers would be comnected to the
‘gwitchyard by 230<kv, aerial lines, The switchyard,
located about 700 feet from the powerhduse. on the
right bank of the tallrace would handle fowr incoming
lines from the powerhouse and’thrqe outgoing lines,

The concept of developing incremental capacity
at Rankin Rapids as an auxiliary of the tidal power
plant assumes that the Rankin Ripids project would be
developed first to serve the needs of the utility market
in Maine, A basic installation of 200,000 kw, of
generating capacity would produce about 1,220 million
kw,=hr, of energy, the average annual energy available
at the site, An additional 260,000 kw, of dependsble
capacity would be installed specifically for firming
'the tidal project energy, When the tidal plant output
drops below 'thé load, the additional energy required
would be borrowed from Rankin Rapids and repaid when
tidal énergy exceeds the load, The average annual
energy of 'thils coi;;biﬁé,tion would be the same as that
of the tida.l plantalom, The dependable capacity of
the combination wouldbe 355 5000 kw,

The sité ofﬁl the W'Rapids dam and reservoir is (Slide 5=-3:

' ' E Rankin Rapids

in Aroos'took' County, Maine, The reservoir would extend reservoir and
: ' o real estate)
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from the dam sbout 49 miles up the main stem of the
Saint John River, 5h miles up the Allagash River, 19
miles up the Big Black River, and 17 miles up the Little
Black River, Land required for the project totals
about 99,500 acres, The arsa above the reservoir is
wild, hilly land at an average elevation of 1,000 ft,
above mean sea level, Cubting of pulp and timber is the
main econcmic activity of the area, Most of the land
required.fbr the project is in large tracts of timber
held mainly for pulpwood cutting, The relocation problem
is considered minor,

International water rights on the Saint John River
arise from the Treaty of August 9, 18L2 between the
United States and Britain {the Webster-Ashburton
Treaty); which provides for common use of thelwaters
qf_the.Sgint John River to promote commerce and transe
portation for the benefit of the Uniﬁed States and
Canada, The only use made of the river in‘the sense of
the Treaty is the floating of logs and pulpwood to
downstream locations, The Rankin Rapids project would
include a log chute to maintain this traffic, Anadromous
fish do not pass ﬁhe dam site since they are blocked
downstream at natural obstacles,

The.Rankin Rapids river hydro auxiliary could

produce power from its first two generators about 3%
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years after construction is started, and all eight
units would be on the line one year later, Construction
of the project should be started at the same time as
the tidal power project so that the new capacity would
be available for transmission into Maine and New
Brunswick at a rate approximately equal to the rate of_
load growth, In this way, the first two Rankin Rapids
units would be on the line 24 years before tidal power
and all eight units would be in service 1} years before
tidal power is on the line,

if construction.of the Rankin Rapids project is
undertaken, the U,S, Fish & Wildlife Service recommend
certain measures to mitigate fish and wildlife losses,
including minimum releases, public access to the area,
fish hatéhery and rearing facilities, and other wild=
life management'programs,
DIGDEGUASH PROJECT

The Digdeguash auxiliary pumped-storage project
was selected as the most feasible project of its type,
The location of this project is near the mouth of the
Digdeguash River at the north end of Passamaquoddy Bay.,
. This auxiliary pumped=gtorage plant would pump éeawater
to a storage reservoir at times when surplus power is
available and, by reversing the process, would generate

power when the tidal plant output is less than the load
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demand, The minimum requirements for the pumped-storage
project were determined to be storage capacity equivalent
to about 30 million kw,~hr, of energy. The dependable
capacity of the pumped-storage installation was selected
as 228,000 kw, on the basis that the tidal plant and
this awxiliary would supply energy to the load at about
60 percent load factdzf°
Usable storage of 20,000 acre=-feet and fresh
water inflow would provide an output of 316 million
kw,«hr, Deducting 40O million kw,~hr, required from the
tidal plant for the pumping cycle, the annual energy
of the tidal plant-Digdeguash combination would be
1,759 million kw,=hr, The combined dependable capacity
would be 323,000 kw, '
The dam site is in a narrow valley about 1,000 ft, {Slide 5=b:
: ‘ Digdeguash
from tidewater, The powerhouse would be constructed plan and
section)
in a deep excavation in the left abutment immediately
downstream from the dam, The reservoir would be
connected to the powerhouse by an excavated approach
channel, an intake structure, short high-level tunnels,
and short steel penstocks above ground, A gated spille
way would be located in the right abutment of the dam,
The main dam, and the 3 saddle dams to close low spots
in the reservoir rim, would be constructed of rock and

earth fill with crest at elevation 190,
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The powerhouse would contain four dual-purpose units,
each unit functioning as a turbine-generator to generate
electric poﬁer and as a pmnpﬁdnétor to pump water into the
reservolr, The runners would be rated at 110,000 hp, as
turbines, The pump-turbine would be of the feathering-
blade type rotating at 100 r.p.m, Because the blades
overlap when fully feathered, they cannot be revez:\ISed.
Therefore, rumner rotation must be reversed when changing
to eiﬁher pumping water or generating electricity, The
reversible motor-generators would be rated at 84,300 hp,
as motors and at 68,300 kva as gensrators, Bach pump-
turbine would be connected to the reservoir by a separate
penstock 20 ft, in diameter,

The area required for the reservoir and dam amounts
to about 6,800 acres, the land beiﬁg generally used for
farming and woodlot operations, Relocation of roads,
utility and communication lines, and cemeteries in the
reservoir area would be required,

Construction of ﬁhe pumped—storage project would
require about 3 years, Completion would be scheduled at

the same time as the tidal project,



CHAPTER VI - DEVELOFMENT OF COSTS

Fbr determining the economic feasibility, it was
necessary to estimate the costs of the tidal project
and the auxiliaries, Estimating unavoidably deals
with a great variety of numbers which are hard to
remember, To avoid confusion, I will leave %ut all
but the essential numbers, confining my talk to the
criteria we used in estimating costs, and to the final
results,

Even ‘though the project described in the report
is international, project costs were estimated in
terms of United States currency, since investigation
showed that the lower labor costs in Canada are offset
by higher equipment costs and other factors, The
gstimates are based on costs prevailing in the United
States in January 1958,

Quantities were determined in the conventional
way from the designs described to you, previously,
Since the designs covered only the major project features,
check lists and bid schedules for other large projects
were used to determine allowances for items pot designed
during the current study,

Unit prices are those which a contractor would

bid, They include direct costs, an allowance for
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indirect costs, and 10 percent profit, For important
phases of the work, unit prices were built up rationally
from equipment rental costs, equipment production,  labor
rates, and other factors,

Direct costs include labor, materials and sup-
plies, equipment and plant, Labor costs were based
on an 8=hour day and a 6é-day week, The wage rate
for the 6th day would be one and a half times the rate
for the first five days, A 6~day week has been found
necessary at other large and remote projects to attract
a sufficient number of people in the trades required,
The wage rates used in the estimate are those applicable
in the Portland and Bangor area in January 1958, An
allowarice of 10 percent of the labor cosis was added for
insurance, taxes, and fringe benefits, On dredging
operations, the allowance was 15 percent instead of
10 percent,

Material and equipment prices were hased on
information from manufacturers, dealers, contractors,
construction récords, and trade magazines, All equip=-
ment and material used in the project were assumed
exempt from sales taxes, and the equipment or material
originating in either United States or Canada was

assumed free from importi duties,
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The cost of construction plant was based on
rental rates and average anmual cost of owring,
operating, and maintaining equipment, The cost of
small tools, estimated to be 5 percent of the labor .
cost, was included as a plant cost,

Indirect costs are made up of distributive and
overhead costs which were estimated separately and
then distributed to all payment items, Distributive
cogts, esti,ma"'bed at 5 percent of the direct costs,
“include mobilization and demobilization of equipment
and employees, field office Buildings, shops and
warehouses, construction roads, and temporary
construction fac;ilities.‘

Contractors! overhead costs, estimated at 12
perceht‘ of the direct costs, consist of salaries of
supervisors, engineers, timekeepers, and clerks,
transportation of employges, office supplies and services,
interest on invested capital, home office equipment,
and bonds,

An allowence is commonly made in estimating project
cogts to account for unforeseen cohdi‘bions which may rise
during construction, The greatest uncertainty lies in
the structure foundations which bécome fully vlisible only
when excavation is complete and.the foundation fully

exposed, The allowance varies from 50 percent for
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preliminary examinations to 5 percent on projects for
which construction plans and specifications are complete,
In the current study, the design of the powerhouse is
more completely established than the design of the dams,
and consequently the powerhouse might carry a lesser rate
for contingencies than the dams, However, an overall
Aallowance of 15 percent for contingencies was applied
to the sum of the direct, distributive, and overhead
costs,
Nine percent is allowed in the estimate for the
expenses of the constructing agency for engineering,
design, supervisioﬁ, inspection of construction, and
overhead,
The cost of the current survey is not in the
estimated cost of the project,
The next slide shows the breakdown of cost for (Slide 6el:
Estimated cost
the tidal power project, The largest single item of tidal
project)
in the estimate is $151 million for the power plant,
The total for the 3 sets of gates, including excavation
and cofferdams, is nearly as much, amounting to $126
million, Dams are next, émounting to $80 million,
Construction costs total $386 million, Contingencies
amount to $58 millioh, and engineering, design, super-
vision and administration, $h0 million, The total tidal

project first cost amounts to $h8L million, This amourt
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govers 75 million cu, yd, of earth work, 53 million in
the dams, 1,5 million eu, yd, of concrete; and 180
thousand tons of steel,

The cost of the auxiliaries was estimated in the

same manner as the cost of the tidal power project,

In comnection with reservoir clearing, it was estimated

that the value of the timber and pulpwood on the
100,000 acres needed for the Rankin Rapids Reservoir
would about pay for the limited cutting and clearing
required on the margins of area,

The next slide compares the cost of the tidal
power project with the cost of the various auxiliaries
studied,

Should predicted traffic by large vessels
Justify a large lock in the tidal project area,
such a lock could be built in the I.ittle Letite
Passage area, A lock 800 feet by 80 feet with a
30=foot depth at mean low water could be built at an
added cost of about $19 million,

The dams and structures would afford a good
opportunity to connect the various islands to the
mainland by public highways, thus providing a direct

route from Lubec and Fastport, Maine to 5t, George,

New Brunswick, This system of roads would cost a little

over $8 million in addition to the cost of the tidal
power project,
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CHAPTER VII = ECONOMIC EFFECTS OF PROJECT

Beconomic surveys were conducted in Maine and
New Brunswick to determine the capabilifies of absorbing
the power which would be produced by the tidsl project
and to determine the effect on the economy of the region,
ECONOMY OF MAINE

In 1950 the ‘population of Maine was 91L,000 and
‘the total labor force numbered 345,000, Manufacturing
is the largest income=producing and power-consuming
segment of the economy of Malne, using nearly 2,700
million kw,«hr, of electricity in 1957,

The five leading manufacturing industries of
Maine are paper and allied products, food and kindred
products, leather and leather products, lumber and wood
products, and textiles, These five industries accounted
for 80 percent of Mainet!s total manufactured value in
1958, and nearly as large a proportion of the manufacturing
employment, |

The most imﬁortant single element in the manu=
facturing economy of Maine is its forest. products
industry, Over 85 percent of the state's land area is
in forest, Maine produces about 1,5 million toms of

pulp and 1,6 million tons of paper per yeér,
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The fishing industry has long been an important
segment of Maine'!s economy and is the dominant factor
in the economy of Washington County, Total fish landings
have ‘increased with population growth, and this trend
is expected to continue,

Agriculture provides less than 10 percent of the
total personal income in Maine,

Recreation is an increasing element of the statels
economy,

Construction of the Pagsamaquoddy tidal power
project with an auxiliary power plant would have a
favorable impact on all segments of the economy of Maine,
The accompanying growth in the demand for electricity
'could readily absorb the United States! share of the
output of the tidal power plant and its auxiliary, In
addition to supplying an important block of power to
assist in meeting the needs of the growing power markets,
the construction and operation of the tidal power
project and its auxiliary would serve also as a catalytic
agent in the regeneration of the economy of Maine,
pafticularly in Washington County,

Construction of the tidal_ power project and the
Rankin Rapids auxiliary would also produce an important
short-term economic impact on the economy of Maine,

During the sixe-year construction period of the tidal

L8



power project alone, total investment outlays in Maine,
and to a major degree in Washington County, would amount
to approximately $100 million or more, This investment
would generate an additional $100 million of expenditures,
increasing total income in Maine by at least $200
million, This additional income would exert an important
upward pressure on the construction industry and on
wholesale and retail trades,

In addition to long=term beneficial economic
effects, the economy of Washington County would be
transformed during construction of the project by the
influx of several thousand workers and the generation of
substantial new income in wages alone,

ECONOMY OF NEW BRUNSWICK

In 1955 the population of New Brunswick was 547,000,
with a labor force of 171,000 and a gross provincial
product, the at-market value of all goods and services
produced in a year, of $530 million {Canadian currency,
1955 price level), GCorresponding figures projecied to
1980 are: population, 8255000; labor force, 2L8,000;
and gross provinciai product, $1,035 million at 1955
price level,

Bconomically, the most important industries ave
mineral production, pulp and paper, lumber and wood,

fishing, agriculture, secondary manufacturing (largely
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food and beverages) and construction, The value of
services, i,e,, those activities resulting in invisible
products rather than physical objects, was nearly 50
percent of the gross provincial product in 1955, and is
expected to maintain about the same relative position
in the foreseeable future,

The Canadian half of the power from the tidal
project and its auxiliary would be absorbed into the
transmission and distribution system of The New Brunswick
Electric Power Commission, Power from the broposed
project would have the same effect on the general economy
of the Province of New Brunswick as any other block of
power of similar size and cost developed to satisfy the
growing load demand,

An estimated $100 million would be spent in New
Brunswick for project construction materials, The
spending of this money would probably generate another
$100 million in trade which would benefit the Provincial
economy,

In recent years there has been a notable absence
of growth in the economy of Charlotte County, As é
result of the construction of the Passamaquoddy project,
the shori-term benefit to the counvy economy would be
substantial, The new income from wages alone would

have a marked effect on the county retail trade, Any
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venture as extensive as the Pagsamaquoddy project would
provide considerable impetus to the lumber and other
industries in Charlotte County, An additional, small
but continuous benefit would accrue from the maintenance
labor and expenditures for project operation and from
the visitors to the tidal project,
SPECiFIC EFFECTS

In addition to the general effect on the regional
economy as just described, the tidal project and its
auxiliary would have certain specific effects,

Construction éf the tidal project would result
in some beneficial and some advérse effects on the
fisheries industry, Inclusion of fishways in the tidal
project structures for the passage of anadromous fish
would provide continuity of existing natural conditions,
Any other direct damages would be resolved by appropriate
remedial construction or monetary settlement, Certain
remedial measures would be included in the auxiliary
project at Rankin Rapids to preserve the sport fishing
on the Allagash and Saint John Rivers,

Recreation atiractions and attendant facilities
would be greatly benefitted by the proposed project,
It is estimated that 800,000 persons would visit the
| tidal project alone, initially, and probably this

mmber would increase in succeeding years,
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Navigation in the tidal project area would be
benefitted by having less variation in water levels
and currents in the pool areas, Also, the higher
prevailing water surface in the high pool would increase
the controlling navigation channel depth to Calails,
Maine, and to St, Stephen, New Brunswick, by more than
15 feet,

The 7 miles of tidal dams would afford an opportunity
to connect the Canadian coagtal highway at St, George,
New Brunswick, with the United States coastal highway at
Eastport and Lubec in Maine,

The construction of the tidal project would have
no effect on the defense planning of either Canada or
the United States, However, the Passamaquoddy project
with the Rankin Rapids auxiliary would save more than a
million tons of coal or nearly 6 million barrels of

oil a year,
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CHAPTER VIII - POWER UTILIZATION

One of the important components of the present
investigation is a study of the markets which could
absorb the output of the tidal project, with and
without an awdliary, within axreasonable time after
completion, Related to this and to the economic
evaluation of the tidal project is a determination of
the physical features and annual costs of the trans-
mission facilities required to deliver the output of the
project to the markets of Maine and New Brunswick,

POWER MARKETS

An examination of the various existing and potential
markets indicated clearly that the output of the tidal
project can best be utilized by the growing requirements
of the utilities in Maine and New Brunswick,

This slide shows the past and estimated future (8lide 8:1
Powaer require-
utility power requirements in Maine over the period ments, Maine
utilities)

1940-1980, inclusive, The upper line on the plot
indicates energy demand, with units of measurement at

the left sides the lower line indicates capacity
requirements with scale at the right side, The projected
values of 7,600 million kw,=hr, and 1,L million kw,

for the year 1980 are nearly 3 times greater than the

corresponding actual requirements ¥or the year 1957,
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In similar manner the power requirements of the (8lide 8=3:
Power require-
New Brunswick utilities for the same period are ments, N,B,
utilities)
shown on the next slide, Here we find the projected
requirements for 1980 are 3,000 million kw,-hr, and
600,000 kw, or about L times greater than the 1957
requirements,
A comparison of the estimated future utility
loads in Maine and New Brunswick with the capacity
available at the present time indicates that considerable
amounts of new generating capacity must be added by the

utilities to their power supply resources in the next

twenty years, The required capacity additions in both (Slide 8«5:

Additional

areas are shown on the next slide, dependable
' capacity
For adequacy of service the dependable capacity required)

of a utility system must equal the sum of the peak
demand to be carried and a reasonable amount of reserves,
Regerves are nécessary to allow for the removal of
generating units from service for routine maintenance,
for protection of service during breakdowns of equipment,
and as a safeguard against errors in load forecasting.,
Adding required reserves aml expected peaks gives the
total requirements for dependable capacity,

For carrying their future loads the utilities will
have in operation all of their present capacity less

retirements due to physical and technological cbsolescence,
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Expected retirements of fuel-=electric capacity are
53,000 kw, by 1970, and 79,000 kw, by 1980, No
retirements of hydro-electric plants are expected
during the same period, |

Definite scheduling of capacity additions is made
usually three to four years in advance, This is the
time required to complete construction of a new
facility of stendard typa, As of January 1, 1958,
the utilities of the two areas scheduled the addition
of 113,000 kw, of fuel-electric capacity before the
end of 1962, No new hydro capacity has been scheduled
for construction in the near future; even though several
sites of potential hydro power have been investigated
in recent years,

The total of all capacity that will be definitely
available for carrying future utility loads adds up to
904,000 kw, in 1970, and to 878,000 kw, in 1980, As
shown on the bottom line of the tabulation on the slide,
the additional dependable capacity required in Maine
and New Brunswick is 5LO thousand kw, by 1970 and
1,382 thousand kw, by 1980,

Thus the power market surveys revealed that the
need for additional capacity to meet future demands in
both Maine and New Brunswick could readily absord by
1980 the 555,000 kw, of dependable capacity from the

55



tidal plant and Rankin Rapids, the largest project
combination studied,
TRANSMISSION LINES

Each combination of tidal project and auxiliary
would require a distinet layout of lines, substations
and other facilities to deliver its output to the
utility markets of Maine and New Brumswick, Trans-
mission voltages; number of circuits, size and material
of conductors, and type of supporting structures would
be determined in gonsideration of the amount of power
to be transmitted, distances involved, and permissible
losses and voltage regulation in present-day utility
practice, The same faétors would determine selection
of transformers and all other equipment at receiving
and gending substations,

The capital cogts of the transmission facilities
for delivering project oubput to Maine were hased on
data obtained by the Federal Power Commission from the
utilities of the State, Annual.fixed charges were
calculated on the basis of federal financing at 23
percent interest rate., Operation and maintenance
expenses were estimated on the basis of current ubility
practice in the ares, Thé estimated capital and annual
costs of transmission lines in New Brunswick are based

on data furnished by The New Brunswick Electric Power
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Commission, with fixed charges based on a L 1/8

percent interest rate,

The next slide shows the required transmission (slide 8~6:
‘ ‘Transmission lines,
facilities for delivering to market the output of tidal plant alone)

the tidal project if operated without an auxiliary,
In this case the dependable capacity is 95,000 kw,
and the average annual energy output is 1,842 million
kw,<hr, Half of this output Would be delivered to
Maine, and an equal amount to New Brunswick,
For delivery to Maine the tidal power would be
first stepped up to 230 kv, at the step-up substation
of the project, Approximately 25,000 kw, of firm power
would be delivered over a 230=kilovolt double cireuit
line to a load in the wicinity of the project and the
remainder to the Bangor Hydro-Electric Company at the
Veazie substation near Bangor, Maine, Non-firm or
secondary energy would be delivered to the Bangor Hydro-
Electric Company at Veazie and to Central Maine Power
Company at the Winslow substation near Waterville,
The capital costs of the transmission lines amount to
$11,360,000 and the amnual costs to $661,000,
The next slide shows the transmission facilities (Slide 8=7:
Transmission lines,
required to deliver the output of the tidal project tidal plant and
Rankin Rapids)
and of Rankin Rapids as auxiliary, In this combina-

tion, the capacity and average year energy available

57



for load=carrying purposes are 555,000 kw, and 3,062
million kw,=hr, For the purpose of this study it was
assumed that the output of each project in this
corbination would be shared equally by Maine and New
Brunswick,

The 460,000 kw, produced at Rankin Rapids would
be transmitted first over a 3-circuit 230-kv, line to
a substation near Presque Isle, Maine, At this point,
power allocated to New Brunswick would be stepped down
to 138 kv, and transmitted at this voltage over a double
circuit line to Beechwood, New Brunswick, Some 25,000
kw, of the power available for use in Maine would be
delivered at Presque Isle to the Maine Publie Service
Company, The remainder would be transmitted over a
double ecircuit 230=kv, line to the Veazie substation
near Bangor, Maine, where 40,000 kw, would be stepped-
down to 115 kv, for delivery to the Bangor Hydro-Electric
Company, At Veazie, power from Rankin Rapids would be
combined with power delivered to this substation from
the tidal project over a double circuit 230=kv, line,
The GCembral Maine Power Company would receiwve project
power at the Winslow substation near Waterville and
at the Gulf Island substation near Lewiston, These
two delivery points will be served by a double circuit

230=kv, line extending westward from the Veazie
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substation, The capital costs of the lines which would
deliver project and auxiliary output to utilities in
Maine would amount to $30,8 million and the annual
costs; to $1,7 million,

Since the markets of Maine and New Brunswick
are distant from the tidal project and its auxiliary,
the lines are necessarily long and costly, However,
their large carrying capacities and their strategic
location makes them particularly valuable for inter=
conneoting .and coordinating, with considerable advantage,
the utilities of Maine and New Brunswick, and possibly

other parts of New Bngland and the Maritime Provinces,
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CHAPTER IXs- PROJECT EVALUATION

To determine the eéonomic justificatioﬁ of the
tidal power project, annual benefits and costs were
computed, with and without auxiliaries, It is assumed
that the project is justified when power needed to meet
expected reguirements can be produced at a cost no
greater than that of the alternative source of power
most 1ikely‘to be used, The degree of economic
Jjustification is measured by the ratio of annual
benefits to annual costs, |

It was assumed that the first costs of the
project would be.shared equally by the United States
and Canada, just as the power output would be shared,
Differences in interest rates and in other economic
factors required separate analyses of economic
justification for the United States and Canada,

VALUE OF POWER

The value of the output of a hydroslectric power
project delivered to its market is measured by the cost
of producing an equivalent supply of power at a suitable
alternative source and delivering the alternative power
to the same market, The alternative power supply is
taken as a modern, conventional steam—electric plant
suited to the future power requirements of the selected

market,
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The cost of the alternative steam=electric power
was computed according to practices comr&on to each
country, In Maine, the alternative power would be
privately financed; in New Brunswick, it would be
publicly financed,

Atemarket values of tidal project power are
obtained by estimating the costs of producing an
equivai;e;'lt supply of power from alternative steam=
electric plants, adding the cost of transmission to
selected load centers, and finally by applying adjust-
ments for hydro-gteam differentials, The resultant at-
market values are then reduced by the costs of {rans-
mitting the oubput of the tidal project to the same
load centers, thus ylelding the at-site power benefits,
The at-site benefits are compared with ait-gite costs to
determine economic Justification,

The alternative steam-electric plants were loca;'bed
to deliver to the selected markets the same amount of
power as the tidal pro;jé ct, with or without auxiliaries,
considering also the availability of condensing water
and of waterborne fuel, In Maine, alternatiive steam (Wall Display:

: , Regional Map)
plants were assumed at Caribou, Eastport, Belfast and

Yarmouth, In New Brunswick, the alternative plants were

assumed at Saint John and Bathurst,
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In the analysis of steam-electiic power costs, the
total annual costs are separated into fixed and variable
components, Annual fixed costs consist of interest,
depreciation, interim replacements, insurance, and interest
on investment in reserve fuel supply, fixed components
of total production expense, and administrative and
general expenses, In Maine, taxes constitute anofher
annual fixed charge. The New Brunswick Electric Power
Commission, being publicly owned, péys no taxes, The
remaining costs of power generation congist of the
variable components of fuel and of operation and
maintenance expenses, These items are also known as
inceremental. energy costs,

Fixed charges are those elements of annual cost
that are a direct function of the gapital investment
in a facility, These are made up of interest, depreciation
or amortization, interim replacements, insurance and taxes,
Estimated ammual fixed charges as a percent;of.capital
investment for steam~slectric plants located in Maine
amount to 11,94 percenf and for New Brunswick plants
5,899 percent, On this baéis the annual cost of power
at the bus=bar of the alternative steams¢lectiic planbs
N (Slide 9w2:
is shown on the next slide, Separate values were Estimated Bus-Bar

Cost of Steam=
computed for capacity (kilowatts) and energy (kilowatt- Blectric Power)

hours), The capacity cost in the United States is
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much greater than in Canada because of the greater
United States fixed charges, Fuel makes up most of
the energy cost which, for the major plants, is nearly
the same in the two countries,

The at-market cost of alternative power includes,
in addition to the cost of generationy all costs of
transmitting the alternative plant output to the principal
load centers, Since the alternative power plants used
for evaluation of the tidal project and its awxiliaries
would be located reasonably close to the load centers,
or, in New Brunswick, on existing high-tension networks
of the wtilities, the transmission lines and substations
for these plants would be considerably smaller than those
needed for the tidal project and its auxiliary,

The at-market values of power from the tidal project,

with or without an auxiliary source of supply, are
(siide 9~k

ghown in the first column of the next slide, l ‘ At-Market and
At-Site Values
In order to obitain at-site values, we subtract of Tidal Power)

from the at-market values the ammual costs of trans-
mission for each tidal project development, The at-
market values in the last column of the slide constitute
the benefits which the tidal power project, with or
without an auxiliary, would provide,

The Rankin Rapids auxiliary would have 2,8 million

acre=feet of storage to regulate the river flows, For
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example, at the existing downstream'plant on the Saint
John River at Beechwood, New Brunswick, the low flow
would be increased from about 2,000 ¢.f.s, to ovér

5,000 ¢.f.s, The stream f£low regulation would increase
substantially the energy generated at exis'ﬁing dowmstrean
plants and; to a lesser extent, the dependable capacity,
Increasing the installed capacity at existing plants

or constructing new plants on the lower Saint John

River would result in additional benefits,

Since full evaluation of the ultimate downsiream
benefits is outside the intent of the tidal power
investigation, the power benefits downsiream on the
Saint John River were estimated considering only the
existing installations at Grand Falls and Beachwood
hydroelectric power plants, On the basis of this
limited study, the downstream benefits to the tidal
project = Rankin Rapids combination would amount to
180 million kw,<hr, of energy and 5,000 kw, of dependable
capacity, These benefits were assumed divided equally
between United Stétes and Canada,

COST OF POWER

Having dé'bermined the walue of tidal power, we
will take up next the cost of generating tidal power,

The annual cost of the tidal power project, with or

without an auxiliary, includes the annual costs of
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maintaining and operating the ﬁroject and the financing
chargeso_

Because the tidal power project with its awxiliary
would be an international project of consi@erable magnitude,
it was assumed that the project would be built with
funds furnished by the govermments of the two countries,

Interest on the United States investment is
computed at the réte of 2% percent a year, This rate
is used by the United States Bureau of the Budget
for evaluating water resources projects, The Canadian
interest rate is L 1/8 percent, the interest rate used
in January 1958 for leans to erown corporations and
provincial governments,

Interest during construstion was computed at the
appropriate interest rate for one~half of the cone
struction period, The initial investment is the sum
of interest during construction and the project firgt
cost,

The tidal project combinations were evaluated
using amortization periocds of both 50 and 75 years,
Fifty years represents the period commonly used in
both the United States and Canada for recovering inveétn
ment from water resources preojects,

General experience indicates that about 25 percent

of the major items of mechanical and electrical equipment
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would require replacement after 30 years of operation,
Using this estimate, the deferred costs of major
replacement items were computed on an annual basis over
the amortization pericd of the project, and included
in the annual costs, An allowance of 0,05 percent of
the first cost was included in the annual costs for
gself-insurance to provide against accidents,

| Annual operation and maintenance costs, including
labor, supplies, and contract services amount to
$87),,000 for the tidal project, $230,000 for the Rankin
Rapids auxiliary, $57,500 for incremental capacity only
at Rankin Rapids and $178,000 for the Digdeguash pumped-
storage auxiliary,

If the tidal project and auxiliary are not

built; the utility companies must build other generating
plants to meet the growing power load, The private
utilities in Maine would pay taxes on these facilities,
On the other hand, the tidal project and its auxiliary,
assumed to be quasi-governmental, would pay no taxes,
This represents a loss in revenue to the people of the
United States, Evaluation of United States water
resources projects customarily includes an item for
taxes foregone in the annual economic cost of a project,
However, this problem does not exist in Canada because

the New Brunswick Electric Power Commission does not
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pay taxes, The Engineering Board concluded, because
the tidal development is an intermational project, that
taxes foregone in Maine would not be included,

The results of the comﬁutation of economic
Justification for 50=year amortization are sumarized

(Slide 9=5:

on the next slide, Benefitwcost ratios less than Benefits and Costs,
one show a project not justified economically, Ratios ggggizzation)
greater than one indicate that projects are economically
justified, Only the United States half of the tidal
project with R_ank:‘i.n Rapids as an auxiliary has a ratio
greater than one, For 75-=year amortization, the benefit=
cost ratios are generally 17 percent larger for the United
States and 9 percent for Canada,

Taxes foregone would increase the annusl economic
cost of the United States half of the project by about
$9 for each kilowatt of dependable capacity, This
woﬁld reduce the benefit-cost ratio from 1,31 to 1.10,
on a H0=year amortization basis; for the United States

part of the tidal plant-Rankin Rapids combination,
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CHAPTER X -~ CONCLUISIONS

The conclusiong of the survey of the international
Passamaquoddy tidal power project are summarized as
followss

(1) A tidal power project using the waters of
Passamzquoddy and Cobscook Bays can be built and
operated, The two=pool type of project is best
suited for the site conditions in the area and the
power markets it would serve, The tidal project
arrangement selected makes best use of the site
conditions,

(2) The first cost (construction cost) of the
tidal power project by itself would be $L8l million,
With interest during construction, the investment would
be $532,1 million, The tidal power project would
have an installed capacity of 300,000 kw, and a dependable
capacity of 95,000 kw, .Average armual energy would be
1,843 million kw,=hr, However, for maximum power benefits,
the tidal power project would have to be combined with
an awiliary power source,

(3) The most favorable project combination is
the tidal power project operated in conjunction with
a river hydroelectric auxiliary built at the Rankin

Rapids site on the upper Saint John River in Maine,
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The combined cost of the tidal project and the Rankin
Rapids auxiliary is $630 million, With interest during
construction, the investment would be $687,7 millien,
The dependable capacity of this combination would be
555,000 kw, and average ammual generation would be 3,063
million kw,<hr,

(L) Construction of the tidal project - Rankin Rapids
combination would increase low flows in the lower Saint
John River by a considerable amouni, thus increasing
substantially the usefulness of the river for downstream
generation of power, Downstream benefits aceruing to
existing power plants were included in the economic
evaluation,

(5) The combination of the tidal power project,
and the installation and use of 260,000 kw, of capacity
only at Rankin Rapids for firming up the output of the
tidal power project, would cost $515,5 million, With
interest during construction, the investment would be
$565,7 million, This combination would provide a total
dependable capacity of 355,000 kw, and an average annual
generation of 1,843 million kw,<hr,

(6) The tidal power project and the Digdeguash
pumped-storage auxiliary would cost $518,5 nillion,

With interest during construction, the investment

would be $578,9 million, The dependable capacity
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would be 323,000 kw, and average annual generation would
be 1,759 million kw,<hr,
(7) The total output frem the tidal power project
and Rankin Rapids hydroelectric plant can be absorbed
readily by the growing utility markets of Maine and
New Brunswick,
{8) Because of differences in interest rates
prevailing in the two countries, and because of different
values of alternative power, it was necessary to compute
separate benefit;cost ratios for United States and
Canada, FEconomic evaluations, assuming 50=year and 75=
year amortization periods, and assuming that power and
project first cogts would be squally divided Eetween
(Slide 9-6:
United States and Canada, are tabulated on this slide, Benefit-Cost
: Ratios and
(9) The inclusion of taxes foregone with Cost of Power)
project costs is not the practice in the economic
Justification of public projects in Canada, and due
to the international nature of the project, such
taxes have not been applied to United States! costs,
However, if they were included in United States! costs,
the benefit=cost ratio of the most favorable project
combination would be reduced to 1,10 for the S50-year
amortization period and to 1,25 for the 75=year period,
(10) By including appropriate remedial measures

in the design of the tidal power structures, the
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construction, maintenance, and operation of the tidal
power project would have only a minor residual effect
on the fisheries of the region,

{11) Considerable annual recreation benefits
would grow out of the construction and operation of
the tidal power project, However, the monetary value
of these benefits was not included in the economic
evaluation,

(12) Assuming an equal division of power output
and of first costs between United States and Canada,
construction of the tidal power project with all of
Rankin Rapids as auwxiliary is not an economically
Justified project for Canada,

(13} The Passamaquoddy tidal project and Rankin
Rapids combinationy, if built entirely by the United States,
at an interest rate of 2% percent, is economically
justified,



CILOSING STATEMENT

This briefing has been, of necessity, a greatly
condensed summary of a major engineering and economic
supvey of a large project of in;bernational importance,
In order to cover the entire subject, only the most
important facts and figures have been cited which lead
to the conclusions reached, Discussion of numerous
interesting and unusuval features of the Passamaquoddy
tidal project with its auxiliary, and of the many
alternative schemes investigated, is beyond the scope

of this presentation,
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